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(54) Method for inter-cell interference coordination with power planning for OFDM mobile 
communication system 



(57) A method for inter-cell interference coordina- 
tion with power planning in a radio communication sys- 
tem employing multi-carrier techniques such as OFDM 
for the air interface communication between a network 
(N) and a plurality of user terminals (T1 to Tn), the net- 
work (N) comprising a plurality of base stations (NE1 to 
NE7) having means for communication with the user ter- 
minals (T1 to Tn) located inside their cell service area 



(C1 to C7), the cells arranged following an adjacent cell 
pattern, where neighbor cells do not have the same 
number and cells with the same number are separated 
by at least one cell in-between, for resource planning 
purposes, each cell having an inner cell region (IC) and 
a border cell region (OC) in which inter-cell interference 
is affecting the quality of service received by a user ter- 
minal (T). 



Figure 4 
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Description 

[0001] The present invention relates to wireless com- 
munications systems, and more particularly, to a meth- 
od for minimizing inter-cell interference in digital radio 5 
cellular communication systems employing multi-carrier 
transmission techniques, such as orthogonal frequency 
division multiplexing (OFDM). 

[0002] Communication systems employing many 
sub-carriers, such as those that employ OFDM technol- 10 
ogy are currently used for the transmission of high- 
speed digital radio and television signals, e.g. Digital 
Audio Broadcasting (DAB) and Digital Video Broadcast- 
ing Terrestrial transmission mode (DVB-T) systems. Al- 
so, OFDM has become a widely accepted standard high ?s 
bit rate transmission technique for the realization of 
wide-band air interfaces for wireless access to current 
local area networks (LAN), e.g. HiperLAN and IEEE 
WLAN systems. And, in the same way, the 3 rd Genera- 
tion Partnership Project (3GPP), for the standardization 20 
of high-speed broadband wireless mobile communica- 
tion systems, is recently considering the application of 
OFDM techniques for the high speed data packet ac- 
cess (HSDPA) air interface communication between the 
radio access network (RAN) and the user equipment 25 
(UE). 

[0003] Since OFDM is a multi-carrier transmission 
technique, the available spectrum is divided into many 
sub-carriers, each being modulated by data at a rela- 
tively low data rate. OFDM supports multiple access by 30 
allocating different sub-carriers to different users. The 
sub-carriers for OFDM are orthogonal and closely 
spaced to provide an efficient spectrum usage. Each 
narrow band sub-carrier is modulated using various 
modulation formats, such as quadrature phase-shift 35 
keying (QPSK) and quadrature amplitude modulation 
(QAM). 

[0004] Due to the increasing popularity of high-speed 
broadband wireless mobile communication, of particular 
interest are wireless communication systems compris- 40 
ing bandwidth-efficient multiple access schemes. Wire- 
less systems are shared media systems, that is, there 
is a fixed available bandwidth that must be shared 
among all the users of the system, so it is desired that 
radio access systems be as efficient as possible to max- 45 
imize the number of users that can be served and the 
data rates at which the service is provided. 
[0005] Typical radio access networks are implement- 
ed as so-called "cellular" systems which comprise a plu- 
rality of base stations controlled by a radio network con- so 
trailer (RNC), the base stations communicating with a 
plurality of user mobile terminals which are located in- 
side their cell service area. It is also well known in the 
art that such cellular wireless system may present par- 
ticular intra- and/or inter- cell interference problems 55 
which limit the capacity of the system, the intra-cell in- 
terference being the interference experienced by one 
user that is caused by other users communicating within 



the same cell, and the inter-cell interference defined as 
the interference experienced by one user that is caused 
by other users communicating in cells other than the one 
in which the user is located. 

[0006] In prior art narrow band time division multiple 
access (TDMA) systems, such as group special mobile 
(GSM), neighboring base stations use different, non- 
overlapping parts of the available bandwidth. However, 
base stations that are sufficiently far away from each 
other to avoid substantial interference between them, i. 
e., non-neighboring base stations, may use the same 
parts of the available bandwidth. Notwithstanding such 
frequency "re-use", the bandwidth available for use in 
each cell is a small part of the total available spectrum. 
As a result, the system has a low "spectral" efficiency. 
[0007] In prior art code division multiple access (CD- 
MA) systems, although the entire bandwidth is used by 
each base station which means a frequency "re-use of 
one", the downlink communication in each base station 
cell suffers from a small number of other neighbor high- 
power base stations, thus limiting the capacity of the ac- 
cess system. This becomes particularly serious at the 
boundary region of a cell where the transmitting base 
station and an interfering base station are equidistant 
from the intended user. This situation is relieved by "soft 
handover", where two or more base stations transmit to 
the user simultaneously. This soft handover mechanism 
though is not available for the recently standardized 
HSDPA service using a fast automatic repeat request 
(ARQ) mechanism, since ARQ is efficient only if just one 
base station is involved. 

[0008] For OFDM, as in the CDMA case, we also con- 
sider a network deployment based on a frequency re- 
use scheme of one, that is, all frequencies or OFDM 
subcarriers, in the 5MHz channel bandwidth, are used 
in every cell. In such a frequency re-use of one cellular 
network, the adjacent base stations also generate 
strong interference particularly for users at the edge of 
the cell coverage. Therefore, depending on the traffic 
loading of the surrounding cells, a basic frequency "re- 
use-one" OFDM network deployment may result, similar 
to the CDMA case, in a relatively poor quality of service 
and potentially low data rates for users at the cell edges. 
[0009] To improve the distribution of data rate across 
the entire cell in OFDM access systems and to evenly 
distribute the interference to all users, particularly for 
cell edge users, some inter-cell interference mitigation 
techniques have been proposed. In document "Benefits 
of Frequency Hopping for the OFDM DL", 3GPP 
TSG-RAN 1 Meeting #32, R1 -030523, Marne La Vallee, 
France, 1 9-23 May 2003, a solution is proposed in which 
the main idea is to interleave differently the transmitted 
subcarriers in each OFDM symbol over some or all of 
the channel bandwidth, prior to transmission. This vari- 
able frequency interleaving is done by simply assigning 
each cell (or sector) a unique hopping sequence, i.e., a 
distinct frequency interleaver sequence. Thus, in the 
case of partial frequency loading the interference is mit- 
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igated. The neighboring cells can use different frequen- 
cy groups to avoid inter-cell interference. Another solu- 
tion proposed to reduce inter-cell interference is de- 
scribed in document "Revised text proposal for OFDM 
Traffic Multiplexing Solutions", 3GPP TSG RAN1 #34, 5 
R1 -030970, Seoul, Korea, 6-10 October, 2003, which is 
based on special time frequency mapping patterns that 
simultaneously achieve large diversity gains and small 
cross-interference in the case of asynchronous interfer- 
ing transmissions and partial frequency load. 10 
[001 0] It is the object of the invention to provide a new 
method for inter-cell interference coordination using 
power planning in order to improve the quality of service 
particularly for users receiving service at cell border in 
a mobile communication system using OFDM transmis- 15 
sion technology. 

[001 1] The object is achieved, according to the inven- 
tion, by a method for inter-cell interference coordination 
with power planning according to claim 1. It is also 
achieved by a mobile radio network according to claim 20 
1 0, a network element according to claim 1 1 , and a user 
terminal according to claim 12. 
[0012] Advantageous configurations of the invention 
emerge from the dependent claims, the following de- 
scription and the drawings. For example, it is seen ad- 25 
vantageous that, by using the proposed invention, a 
more efficient use of the radio resources is done, spe- 
cially for terminals located in the cell border region. Also 
advantageous is that the frequency usage in the inner 
circle area of the cell is unaffected. The invention further 30 
improves both the quality of service experienced by the 
user and the coverage of the base station service across 
the entire cell area. By using the proposed invention, the 
cell traffic throughput can be increased. Another advan- 
tage is that, fast automated repeat request (ARQ) mech- 35 
anisms can be used for the full coverage area of the cell, 
i.e. also for terminals at the cell border. 
[0013] An embodiment example of the invention is 
now explained with the aid of Figures 1 to 5. 

40 

Fig. 1 shows an example of conventional subcarrier 
mapping to user channels into an OFDM time-fre- 
quency grid. 

Fig. 2 illustrates a block diagram of a conventional 45 
OFDM mobile communications system including 
the network and the user terminals. 

Fig. 3 A, B, C shows exemplary partitionings of the 
OFDM time-frequency grid in time-frequency so 
groups according to the invention 

Fig. 4 A, B shows a method for inter-cell interfer- 
ence coordination using power planing according to 
the invention. 55 

Fig. 5 illustrates the resource usage for terminals in 
the border region in a hexagonal cell pattern when 



the method for inter-cell coordination with power 
planning according to the invention is applied. 

[0014] Figurel shows an exemplary allocation of sub- 
carriers S1 to SN to four user channels A, B, C and D 
in the OFDM time-frequency (T-F) grid. 
[0015] OFDM offers the possibility to flexibly allocate 
one or more subcarriers S1 to SN to one user or one 
logical channel A, B, C or D to control the data rate for 
this user channel. Since this can change also over time 
in a TDMA system (e.g. with a change period of K sym- 
bol periods Ts e.g. a period of 2ms), we have a 2-dimen- 
sional resource allocation grid, hereinafter referred as 
T-F grid, as indicated in Figure 1. 
[001 6] Some of the time-frequency grid locations may 
not be available for data transmission, because they are 
used for carrying pilot or signaling information. User as- 
signment of remaining locations can be done based on 
frequency or time or a combination of both. 
[0017] Figure 2 shows a block diagram of a mobile 
communications system in which a mobile radio network 
N, including a plurality of network elements NE1 to NEn, 
and a plurality of user terminals T1 to Tn exchange data 
information via an air interface downlink channel DC and 
an uplink channel UC using multi-carrier modulation 
schemes, at least in the downlink, such as OFDM. The 
network elements NE1 to NEn can be for example base 
stations, radio network controllers, core network switch- 
es, or any other communication elements which are 
generally used for wireless mobile communications. 
[0018] Figure 3 A, B, C shows two exemplary parti- 
tionings of the OFDM T-F grid in a number S of disjunct 
"subsets" , hereinafter referred as "T-F groups" TFG1 to 
TFGS. 

[0019] According to the invention, the OFDM T-F grid 
is partitioned in a number of orthogonal, non-overlap- 
ping T-F patterns, as shown in figures 3A and 3B, and 
said T-F patterns are grouped in a number S of disjunct 
subsets or T-F groups TFG1 to TFG S, i.e., each T-F 
group TFG1 to TFGS comprising at least one T-F pat- 
tern, as shown in figure 3C. The partitioning of the 
OFDM T-F grid can be done by the mobile network N or 
can be introduced and configured by an operator in the 
mobile network N previous to communication. 
[0020] Figure 3A shows one out of 15 possible T-F 
patterns in which the OFDM T-F grid can be partitioned, 
consisting of 15 different sub-carrier frequency sub- 
bands FS1 to FS15, each sub-band having 40 sub-car- 
riers, and in which the frequency sub-bands are 
changed over the time. One or more of such T-F pat- 
terns can be grouped then to form a T-F group. 
[0021] Figure 3B shows two out of 16 possible T-F 
patterns FP1 to FP16 in which the OFDM T-F grid can 
be partitioned, said T-F patterns allocating the same 
sub-carriers over the time T. Because of the constant 
allocation of the same sub-carriers over the time these 
T-F patterns will be hereinafter referred just as "frequen- 
cy patterns". 
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[0022] The partitioning of the OFDM T-F grid so that 
the OFDM communication channel is designed in a way 
that at least two pilot channels can be received in par- 
allel according to the invention will be hereinafter de- 
scribed by way of an example solution. For example, an 5 
OFDM system employing 704 sub-carriers, not consid- 
ering the direct current(DC)-carrier, in a 5 MHz band and 
a number K=12 of OFDM symbols in a period Ts of 2 ms 
is looked at. 

[0023] The pilot and signaling information can be 10 
placed every 12 th sub-carrier such as on the numbers 
0, 12, 24, 36, 48, 60, 72 etc. up to 696. So, for example, 
every even OFDM symbol the sub-carriers 0, 24, 48, 72 
etc. carry pilot information and the others 12, 36, 60, etc. 
signaling information while every odd OFDM symbol the 15 
sub-carriers 12, 36, 60, etc. carry pilot information and 
the others 0, 24, 48, etc. the signaling. In a neighboring 
cell, e.g. cell two C2, the pilot/signaling sub-carriers are 
shifted by one in the frequency direction such as 1, 13, 
25, 37, 49, 61 , 73, etc. up to 697. This configuration al- 20 
lows 12 shifts until the original locations are reached 
again. Thus 1 2 different interleaving non-overlapping pi- 
lot/signaling patterns are possible and can be distribut- 
ed in an area so that neighboring cells never use the 
same pilot/signaling sub-carriers. 25 
[0024] Since 1 6 x 44=704 then 1 6 frequency patterns 
FP1 to FP16 can be defined consisting of 44 sub-carri- 
ers each. The 44 sub-carriers can be placed, for exam- 
ple, in 11 frequency strips FPnS1 to FPnS11 spread 
across the frequency axis while each strip FPnSn con- 30 
tains 4 adjacent sub-carriers as indicated in Figure 5. 
The distance between strips FPnSn of the same fre- 
quency pattern FPn is then 16 x 4=64 sub-carriers, so, 
for example, the first frequency pattern FP1 contains the 
sub-carriers 0 to 3 allocated in its first frequency strip 35 
FP1S1, 64 to 67 allocated in its second frequency strip 
FP1S2, 128 to 131 in the third frequency strip 
FP1S3,etc. According to the partition explained above, 
then each frequency pattern FP1 to FP16 contains at 
most 4 pilot or signaling sub-carriers in all its locations 40 
independent of the shift of the pilot pattern. So for data 
transmission there are always 40 of the 44 sub-carriers 
remaining in 12 OFDM symbols giving a total rate per 
each 2 ms block of 12 x 40 =480 complex sub-carrier 
symbols (480 QAM symbols) usable for data transmis- 45 
sion. 

[0025] Each basic frequency pattern (FP1 to FP16) 
occupies the same locations in all cells independent of 
the cell specific pilot pattern and further contains suffi- 
cient place in each pattern to accommodate for the spe- so 
cific sending cell pilot positions leaving at least always 
the basic number of time-frequency locations for the ba- 
sic channel data rate of 480 complex sub-carrier sym- 
bols of such a pattern, so a basic Frequency pattern gets 
no interference from the sending cell pilots and just in- 55 
terference from neighboring cells with different pilot pat- 
tern and only maximally as much as amounts to the 
overhead place of 4 sub-carriers x 12 OFDM symbols 



left for sending pilot locations i.e. the difference between 
the total place of the Frequency pattern (44x12) and the 
basic number of time-frequency locations (40x12) for 
the basic channel data rate. 

[0026] Figure 3C is a simplified diagram showing the 
T-F groups TFG1 to TFGS arranged just in one dimen- 
sion over a horizontal axis according to the T-F group 
indices I, and the vertical axis being the power P of trans- 
mission. For the sake of simplicity of representation of 
the figures, but without loss of detail as explained in fig- 
ures 3A and 3B, the T-F groups are hereinafter depicted 
as blocks. 

[0027] As already mentioned above, one or more T-F 
patterns can be assigned to a T-F group, for example, 
relating to figure 3B, the frequency patterns one FP1, 
three FP3 and ten FP10 could be assigned to a T-F 
group one TFG1, the frequency patterns two FP2, six 
FP6, seven FP7 and twelve FP12 could be assigned to 
a T-F group two TFG2, and the rest of frequency pat- 
terns available FP4, FP5, FP8, FP9, FP11, FP13, FP14, 
FP15, FP16 could be assigned to a T-F group three 
TFG3. There are then three S=3 disjunct subsets or T-F 
groups TFG1 to TFG3, and one or more T-F patterns 
from said T-F groups TFG1 to TFG3 can be later as- 
signed to a user terminal T for communication with the 
mobile radio network N. 

[0028] Figure 4 A, B illustrates a method for inter-cell 
interference coordination according to the invention. In 
Figure 4A, an example of a cell planning scenario is 
shown in case the OFDM T-F grid is divided in seven 
T-F groups TFG1 to TFG7 according to the invention, 
while Figure 4B shows an example of how power limi- 
tation is made in one of the cells C3 according to the 
invention. 

[0029] As already mentioned above, the method com- 
prises a resource planning procedure prior to commu- 
nication in which the OFDM T-F grid or set of all T-F 
patterns is arranged in a number S of disjunct subsets 
named T-F groups. 

The number of T-F subsets S can be, for example, sev- 
en S=7 or twelve S=12 to have some flexibility when the 
creation of new cells is needed in an area. 
[0030] In Figure 4A it is shown an exemplary cell plan- 
ning scenario according to the invention in case the 
OFDM T-F grid is divided in seven T-F subsets TFG1 to 
TFG7. Although not shown in the example of the figure, 
it is assumed that a base station is located at the center 
of each cell and it relays the information signals to and 
from user terminals located within the cell. Each cellular 
region is denoted by a hexagonal cell C1 to C7, each 
having an inner cell region IC ,i.e., an area nearthe base 
station where the inter-cell interference has attenuated 
enough so that it does not limit the capacity of the access 
system, and a border cell region OC, in which inter-cell 
interference is affecting the quality of service received 
by the user. Each base station is assigned a different 
number C1 to C7 before the cell numbers repeat again 
further away, as known from classical cell planning. Now 
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a time-frequency group corresponding just to a cell un- 
dergoes special treatment according to the invention, i. 
e., it is emitted only with reduced power in that cell so 
that its power is smaller than a limit power value PI, said 
limit power value PI also being smaller than a maximum 5 
power Pmax with which the other T-F groups can be 
emitted in that cell. Specifically, in the example of figure 
4A, in cell one C1, T-F group one TFG1 is emitted with 
reduced power while in the cell C1 the other T-F groups 
TFG2 to TFG7 can be emitted with maximum power to 
Pmax; in cell two C2, T-F group two TFG2 is power re- 
stricted while the other T-F groups TFG1 and TFG3 to 
TFG7 can be emitted with full power; and so on succes- 
sively so that in cell seven C7 the T-F group seven TFG7 
is emitted with reduced power and the other T-F groups t5 
TFG1 to TFG6 can be emitted with full power. 
[0031] The cell pattern shown in figure 4A, in which a 
first cell C1 has six adjacent cells C2 to C7 may be re- 
peated in order to cover a wider service area. 
[0032] The invention is based on the fact that the re- 20 
source situation in the inner circle of a cell IC is not much 
limited by the signal-to-interference ratio (SIR) but by 
the bandwidth, and outside the inner circle, particularly 
in the boundary region of a cell OC , the capacity is more 
limited by the inter-cell interference situation. According 25 
to the invention then, the power at which a base station 
cell Cn transmitts information to the user terminal using 
a determined T-F group TFGn is limited to a determined 
power value PI. This power value should be chosen with 
view to the situation at the cell border OC where the sig- 30 
nal and interference is approximately equally attenuat- 
ed. It should not be so high as to produce substantial 
inter-cell interference for a user terminal located in the 
border region OC of a neighbor cell using said T-F sub- 
set TFGn for communication with its origin base station. 35 
So it should guarantee an SIR to allow satisfying trans- 
mission. On the other hand, it should not be too low to 
also allow satisfying usage in the inner circle of the cell 
IC if possible. 

[0033] This will be further explained in detail by way to 
of the example of figure 4A. According to the invention 
the OFDM communication channel is designed so that 
terminals can receive at least two pilot channels in par- 
allel. When the terminal T is served by, for example, a 
base station of cell seven C7 and moves from the inner 45 
circle IC to the cell border of said cell, in the direction of 
a neighbor cell, for example cell one OC71 , it reports to 
the origin serving base station (of cell seven C7) which 
other base station is provoking the strongest interfer- 
ence, which in this case is the base station of cell one so 
C1 . The origing base station (of cell seven C7) then as- 
signs the terminal T in that outer cell region OC71 one 
or more T-F patterns from T-F group one TFG1, which 
base station of cell one C1 is transmitting with reduced 
power, so that the signal-to-interference level experi- 55 
enced by the terminal T disturbed from base station of 
cell one C1 stays above a certain level and a useful 
transmission can be kept up. 



[0034] Further, more generally, we could say that orig- 
inating at a cell Cn, if a terminal approaches the border 
region OCni in direction to another cell, say Ci, it gets 
allocated one or more T-F patterns from the T-F group 
TFGi which in this other cell Ci is emitted with limited 
power. Prior to communication then, a network resource 
planning is made so that each base station is assigned 
a different frequency group TFG1 to TFG7, which they 
emit with limited power and each base station has 
knowledge of all the planned frequency groups TFG1 to 
TFG7 in order to transmiff infomation inside the inner 
circle of the cell IC and assign the terminals the suitable 
T-F group when it approaches the border region OC and 
reports the interference from a specific cell number. This 
procedure is done before handover takes place. 
[0035] The principle could also be further enhanced 
regarding the cell corners (where three cells meet) if the 
T-F groups e.g. TFG1 are further split in subsets e.g. 
two subsets TFG1a and TFG1b with different power us- 
age, above a limit power value PI, dependent on the cell 
number. 

[0036] With the proposed soft network planning all fre- 
quencies are unaffected in the inner circle. Restrictions 
by network planning only takes place in the border re- 
gions where the availability of the frequencies is only 
slightly, e.g. 6/7 or 6/12, reduced. 
[0037] Figure 4B shows an example of how power 
emission is done in cell three C3 for each T-F gorup 
TFG1 to TFG7 according to the teachings of the inven- 
tion. The T-F group three TFG3 is emitted with reduced 
power smaller than a limit power value PI compared to 
a maximum emission power Pmax that can be used for 
communication with the other T-F groups TFG1, TFG2 
and TFG4 to TFG7 in that cell C3. 
[0038] The ratio Pmax/PI should guarantee an SIR al- 
lowing satisfying transmission with T-F group three 
TFG3 when used by a terminal approaching from a 
neighboring cell, into the border region in direction to 
cell three OC13. 

[0039] In order to average interference for user termi- 
nals in neighboring cells that are not using coordination 
in the inner cell region IC, in a preferred embodiment of 
the invention the time-frequency pattern or time-fre- 
quency group assignments to these terminals are peri- 
odically changed, e.g. every change period of a number 
K of OFDM symbols, in a random or pseudo random 
manner. This shapes the produced inter-cell interfer- 
ence more evenly over all time frequency patterns. 
[0040] Further, an important advantage of the method 
for inter-cell interference coordination with power plan- 
ning method according to the invention is that it allows 
the origin base station cell alone to schedule the packets 
for the terminal for the full coverage area of the cell. 
Since no other base station besides the origin base sta- 
tion is involved in the transmission of data packets to 
the terminal, this allows that efficient fast automated re- 
peat request (ARQ) mechanisms such as hybrid auto- 
mated repeat request (HARQ), which allows the receiv- 
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er to inform the transmitter that certain packets were ei- 
ther not received or corrupted, can be used for retrans- 
mission of said corrupted packets from the origin base 
station to the terminal. 

[0041] Fig. 5 illustrates the resource usage for termi- 
nals in the border region in a hexagonal cell pattern with 
a cell repetition factor of seven, when the method for 
inter-cell coordination with power planning according to 
the invention is applied. If one assumes isotropic prop- 
agation in a plane area and marks the strips from the 
other cells also with the allocated frequency block num- 
bers, one can see in Figure 5 that all frequencies 1 to 7 
are evenly used over the area with full symmetry giving 
a full resource usage (for evenly distributed terminals). 
So an evenly resource usage is achieved with the meth- 
od according to the invention. 

[0042] This shows also that the availability of T-F pat- 
tern resources for this solution is already 6/7 in the bor- 
der region of the cell which is quite high. 
[0043] For the sake of generalization, it shall be un- 
derstood, that although for the explanation of the 
present invention an OFDM modulation scheme has 
been used, the above proposals can in principle as well 
be adapted to any multi-carrier modulation scheme 
apart from OFDM. 

[0044] Further, the invention is illustrated for a hexag- 
onal cell situation with omnidirectional antennas but can 
be generalized also for other patterns, and also for sec- 
tors within a cell. 

[0045] It shall also be understood that means to carry 
out the methods herein described can be located any- 
where in the mobile radio network N, that is, in a network 
element NE such as a base station or a radio network 
controller or by means of a radio resource manager en- 
tity, inside or outside the network elements NE. Said 
means being implemented in hardware or software 
form. 



Claims 

1. Method for inter-cell interference coordination with 
power planning in a radio communication system 
employing multi-carrier techniques such as OFDM 
for the air interface communication between a net- 
work (N) and a plurality of user terminals (T1 to Tn), 
the network (N) comprising a plurality of base sta- 
tions (NE1 to NE7) having means for communica- 
tion with the user terminals (T1 to Tn) located inside 
their cell service area (C1 to C7), the cells arranged 
following an adjacent cell pattern, where neighbor 
cells do not have the same number and cells with 
the same number are separated by at least one cell 
in-between, for resource planning purposes, each 
cell having an inner cell region (IC) and a border cell 
region (OC) in which inter-cell interference is affect- 
ing the quality of service received by a user terminal 
CO. 



characterized in that 

an OFDM wireless communication channel is 
designed so that a terminal (T) can receive at 
5 least two pilot channels in parallel, one for each 

cell service area interfering at the border cell 
region (OC), 

an OFDM time-frequency grid is partitioned in 
a number of orthogonal, non-overlapping time- 

10 frequency patterns, and said time-frequency 

patterns are grouped in a number (S) of disjunct 
subsets or time-frequency groups (TFG 1 to 
TFG7), the number (S) of disjunct subsets cor- 
responding to the number of different cells from 

15 the cell pattern for resource planning, 

in each cell (C1 to C7) all time-frequency 
groups (TFG1 to TFG7) are used for communi- 
cation with the terminals, but emission within a 
determined time-frequency group (TFG3) cor- 

20 responding to the cell number (C3) is done with 

reduced power limited to a certain power value 
(PI) which is smaller than a maximum power 
(Pmax) available for transmission within the 
time-frequency groups, 

25 - when a terminal (T) moves from an inner cell 
region (IC) of a serving cell (C7) to the border 
cell region of said cell (OC71 ) and in the direc- 
tion of a neighbor cell (C1), it measures pilot 
signals from the interfering neighbor cells (C1) 

30 in that region (OC71 ) and reports to the mobile 

radio network (N) information about the 
strength of reception from these cell pilot sig- 
nals, 

based on the terminal (T) information an net- 
35 work criteria, the mobile radio network (N) as- 

signs to the terminal (T) time-frequency pat- 
terns of the time-frequency group (TFG 1) with 
which said neighbor cell (C1 ) emits with limited 
power. 

40 

2. The method for inter-cell interference coordination 
with power planning of claim 1 characterized in 
that the ratio between the maximum power (Pmax) 
available for transmission with the time-frequency 

45 groups (TFG2 to TFG7) and the limited power value 
(PI) for transmission within a determined time-fre- 
quency group (TFG1) in a cell (C1) guarantees an 
SIR allowing satisfying transmission with said pow- 
er restricted time-frequency group (TFG1) when 

so used by a terminal (T) originating from a cell (C7), 
and moving into the border region in direction of a 
neighboring cell (OC71). 

3. The method for inter-cell interference coordination 
55 with power planning of claim 1 characterized in 

that the time-frequency groups (TFG1) are further 
split in disjunct subsets e.g. two subsets (TFG1a 
and TFG 1b), with different power limit above the 
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limit power value (PI) used for power restriction of 
time frequency groups, dependent on the cell 
number (C1), so as to deal with the interference at 
the cell corners of three cells. 

5 

4. The method for inter-cell interference coordination 
with power planning of claim 1 characterized in 
that the mobile radio network (N) further uses an 
ARQ mechanism with the terminal (T), such as 
HARQ, to reschedule packets that were received in 10 
error when sent to the terminal (T). 

5. The method for inter-cell interference coordination 
with power planning of claim 1 characterized in 
that the time-frequency pattern or time-frequency *5 
group assignments for the terminals (T) in the inner 
cell region (IC) not using coordination are periodi- 
cally changed in a random or pseudo random man- 
ner, so as to shape a caused inter-cell interference 
more evenly over the time-frequency pattern. 20 

6. The method for coordinated interference avoidance 
of claim 1 characterized in that the base stations 
(NE1 to NE7) are not time synchronized. 

25 

7. The method for inter-cell interference coordination 
with power planning of claim 1 characterized in 
that the OFDM time-frequency grid is partitioned in 
a number of orthogonal, non-overlapping frequency 
patterns (FP1 to FP16) that use no frequency hop- 30 
ping. 

8. The method for inter-cell interference coordination 
with power planning of claim 7 characterized in 
that the OFDM system pilot channels received by 35 
the terminal (T) in different cells are designed in an 
interleaving non overlapping fashion with pilot sym- 
bols having higher energy as the data. 

9. The method of claim 7 characterized in that each 40 
basic frequency pattern (FP1 to FP1 6) occupies the 
same locations in all cells independent of the cell 
specific pilot pattern and further contains sufficient 
place in each pattern to accommodate for the spe- 
cific sending cell pilot positions leaving at least al- 45 
ways the basic number of time-frequency locations 

for the basic channel data rate of such a pattern, so 
that a basic frequency pattern gets no interference 
from the sending cell pilots and just interference 
from neighboring cells with different pilot pattern so 
and only maximally as much as amounts to the 
overhead place left for sending pilot locations i.e. 
the difference between the total place of the fre- 
quency pattern and the basic number of time-fre- 
quency locations for the basic channel data rate. 55 

10. A mobile radio network (N) characterized in that it 

comprises means for partitioning an OFDM time- 



frequency grid in a number of orthogonal, non-over- 
lapping time-frequency patterns, and grouping 
them in a number (S) of disjunct subsets or time- 
frequency groups (TFG1 to TFGS), where a time- 
frequency group contains at least one of said time- 
frequency patterns, and assigning a user terminal 
(T) one or more of said time-frequency patterns for 
communication; means for transmitting inside a cell 
using all time-frequency groups (TFG1 to TFGS) 
and for limiting the power of emission for one of said 
groups in each cell; means for receiving signaling 
information from a terminal (T) about strength of re- 
ception measurements on cell pilot signals in a bor- 
der cell region (OC71)and means for analyzing said 
information and for assigning to the terminal (T) a 
time-frequency group (TFG1) with which an inter- 
fering cell (C1 ) emits with reduced power limited by 
a certain power value (PI). 

11. A network element (NE) characterized in that it 

comprises means for receiving information about a 
determined cell pattern (C1 to C7) and/or OFDM 
time-frequency grid arrangement in a number (S) of 
disjunct subsets or time-frequency groups (TFG1 to 
TFGS), where a time-frequency group contains at 
least one time-frequency pattern; means for assign- 
ing a user terminal (T) one or more of said time- 
frequency patterns for communication; means for 
transmitting inside a cell using all time-frequency 
groups (TFG1 to TFG7) and for limiting the power 
of emission for one of said groups in each cell; 
means for receiving signaling information from a 
terminal (T) about strength of reception measure- 
ments on cell pilot signals in a border cell region 
(OC71) and means for analyzing said information 
and for assigning to the terminal (T) a time-frequen- 
cy group (TFG1) with which an interfering cell (C1) 
emits with reduced power limited by a certain power 
value (PI). 

12. A user terminal (T) characterized in that it com- 
prises means for receiving at least two OFDM pilot 
channels in parallel, means for negotiating one or 
more time frequency patterns from time-frequency 
groups (TFG1 to TFG7) with a mobile radio network 
(N) communication; means for measuring the 
OFDM pilot signals from interfering neighbor cells 
in a border cell region (OC71 ) and for reporting said 
information to the mobile radio network (N). 
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